We analyze the possibility of observing new physics effects in the b → d penguin amplitudes. For this purpose, we consider the decay mode B 0 d → K 0K 0 , which has only b → d penguin contributions. Using the QCD factorization approach, we find very tiny CP violating effects in the standard model for this process. Furthermore, we show that the minimal supersymmetric standard model with LR mass insertion and R-parity violating supersymmetric model can provide substantial CP violation effects.
Introduction
Recently there have been a lot of interests to look for new physics effect beyond the standard model (SM). The recent measurement of the indirect CP violating parameter S φK S in the decay mode B 0 d → φK S , which is a pure b → sss penguin induced process, may provide the first indication of new physics beyond the SM [1] . Within the SM, the mixing induced CP asymmetry in the B 
. The most recent updated data on S φK 0 by BABAR [3] agrees within one standard deviation with the value of S ψK S whereas, the Belle data [4] has about 2σ deviation.
Therefore, the presence of new physics (NP) in this mode has not yet been ruled out from the available data. In principle, the new physics can affect either the B the corresponding QCD factorization calculations [7] . Thus the discrepancy between the theoretical and the measured quantities imply the following two consequences.
• The QCD factorization may not be a very successful theory for the charmless B decays.
• There may also be significant new physics effect in the b → d penguins as speculated in b → s penguins.
Recently Buras et al. [8] have shown that the observed B → ππ data can be explained in the standard model if one includes the large nonfactorizable contributions. In this paper we would like to look into the second possibility i.e., the existence of any new physics in b → d penguin amplitudes and indeed if it does, could it be detectable. For this purpose, we consider the decay mode B However, as pointed out by Fleischer [9] , contribution from penguins with internal up and charm quark exchanges are expected to yield nonzero CP asymmetry in B
Thus, the study of CP asymmetries in this mode may provide an interesting testing ground to explore new physics effects. The CP averaged branching ratio has recently been measured by the BABAR collaboration [10]
which agrees with the SM predictions [7] . Although, the measured branching ratio does not provide any indication for a possible new physics effect, the measurements of CP violation parameters in near future will certainly establish/rule out the possibility of new physics in the b → d penguin amplitudes. This decay mode has recently been analyzed by Fleischer and
Recksiegel [11] in the SM. They have shown that this channel may be characterized through a surface in the observable space from which one can extract the relevant information. In this paper we consider the impact of new physics effect on the CP violation parameters. We show that the minimal supersymmetric model with LR mass insertion and the supersymmetric model with R-parity violation can provide significant CP violation effect, the observation of which would be a clear signal of new physics.
The paper is organized as follows. In section 2, we discuss the basic formalism of CP violation. Using QCD factorization approach, we estimate the CP averaged branching ratio and CP violating parameters in the SM. The effects of new physics on the CP violating parameters are discussed in section 3. The contributions arising from minimal supersymmetric standard model with mass insertion approximation and from R-parity violating supersymmetric model are discussed in subsections 3.1 and 3.2 respectively. Our conclusion is presented in section 4.
CP violating parameters in the Standard Model
We first present a very general treatment of the CP violating parameters. The time dependent CP asymmetry for B 0 d → K 0K 0 can be described by
where
In the above expression λ corresponds to
where, q and p are the mixing parameters defined as
The off diagonal element of the mass matrix is given by the matrix element of the ∆B = 2
In the standard model, the box diagrams are dominated by the W -boson and top quark in the loop, as a result of which, one obtains (ignoring terms of
The amplitude for the decay mode B 0 d → K 0K 0 , which receives dominant contribution in the SM from QCD penguins with top quark in the loop can be written as
where V ij are the CKM matrix elements which provide the weak phase information and P t is the penguin amplitude arising from the matrix elements of the four quark operators of the effective Hamiltonian. The amplitude for the corresponding CP conjugate process is given
Thus one gets
and hence
Thus if the measured CP violating asymmetries in B 0 → K 0K 0 deviates significantly from zero it would be a clear signal of new physics. However, the decay amplitude also receives some contribution from the internal up and charm quarks in the loop. Therefore, the CP violating parameters may not be zero identically. Now including the effects of u, c, t quarks in the loop and using CKM unitarity one can write the decay amplitude as
where λ q = V qb V * qd , P qt = P q − P t are the penguin amplitudes, δ = δ ct − δ ut is the relative strong phase between them and γ is the weak phase. The parameter r is defined as
Thus one obtains the CP asymmetries as S KK = − sin 2α + 2r cos δ sin(2β + γ) − r 2 sin 2β 1 + r 2 − 2r cos δ cos γ ,
where α, β and γ are the three angles of the unitarity triangle. Thus, to know the precise value of the CP violating asymmetries we must know the values of r and δ. The CP averaged branching ratio for the process is given as
where the individual branching ratios are given as
We now use the QCD factorization approach to calculate the branching ratio and CP asymmetry parameters. The effective Hamiltonian describing the process under consideration is
where q = u, c. 
In the QCD factorization approach [7] , the hadronic matrix elements can be represented in the form
d fact denotes the naive factorization result and Λ QCD ∼ 225 MeV is the strong interaction scale. The second and third terms in the square bracket represent higher order α s and Λ QCD /m b corrections to the hadronic matrix elements.
In the heavy quark limit the decay amplitude for the B 0 d → K 0K 0 process, arising from the penguin diagrams is given as
where X is the factorized matrix element. Using the form factors and decay constants defined
we obtain
The coefficients a q i 's which contain next to leading order (NLO) and hard scattering corrections are given as [14, 15] 
The light cone distribution amplitudes (LCDA's) at twist two order are given as
where N B is the normalization factor satisfying For numerical evaluation we have used the following input parameters. The value of the form factor at zero recoil is taken as F 0 (0) = 0.38, and its value at q 2 = m 2 K can be obtained using simple pole dominance ansatz [13] as F 0 (m 
We use the values of the CKM matrix elements at the 1σ CL in the Wolfenstein parameterization from Ref. 
which correspond to the angles of the CKM unitarity triangle sin 2α = −0.14 +0.37 −0.41 , β = 23.8
• .
With these input parameters we obtain the CP averaged branching ratio as
which is slightly below the central experimental value (1). Since, we have used the LCDA's at twist two order our predicted result is slightly lower than that of Ref. [7] where they have included the twist three power corrections in the distribution amplitudes. From Eqs. (12) and (26) one can obtain r ≈ 2.6 and δ ≈ 11
With these values we get the CP asymmetry parameters in the SM as
By allowing the CKM matrix elements to vary within their 1σ range as given in Eqs. (27) and (28), we obtain the correlation between S KK and C KK in the SM as shown in Figure- 
Thus, if the measured values of CP asymmetry parameters will be outside the above ranges, would be a clear sign of new physics. 
12 is the off diagonal element of the mass matrix, contains contribution both from the SM and from new physics. Hence, the ratio of the mixing parameters q/p as given in Eq. (5) becomes
Thus, in the presence of new physics, the mixing induced CP asymmetry in B 0 d → ψK S can be given as
However, since the present world average on the measurement of S ψK S = 0.726 ± 0.037 [18] agrees quite well with the SM prediction S ψK S = 0.715
−0.045 [19] , we do not consider the effect of NP in mixing in our analysis. Now we consider the effect of new physics on the CP violating parameters arising from the new contribution to the standard model decay amplitude (12) . In the presence of new physics the amplitude can be written as
where r N P = |A N P /λ u P ut |, θ N and δ N are the relative weak and strong phase between them.
The amplitude for the corresponding CP conjugate process can be obtained by changing the sign of the weak phases.
Thus the CP asymmetry parameters (3) become
where X = sin 2α + 2r cos δ sin(2β + γ) − r 2 sin 2β + 2r N P cos δ N sin(2α + θ N )
The branching ratio in the presence of new physics is given as
where Br SM denotes the SM branching ratio and φ N is the relative phase between the new physics and standard model amplitudes. Now, we consider two beyond the standard model scenarios: the minimal supersymmetric standard model with mass insertion approximation and R-parity violating supersymmetric model and study their effects on CP violation parameters in the following subsections.
Contribution from minimal supersymmetric standard model with mass insertion approximation
Here, we analyze the decay process B is customary to rotate the effects, so that the FCNC effects occur in the squark propagators rather than in couplings and to parameterize them in terms of dimensionless parameters.
Here we work in the usual mass insertion approximation [20, 21] where the flavor mixing i → j in the down-type squarks associated withq B andq A are parametrized by (δ d AB ) ij , with A, B = L, R and i, j as the generation indices. More explicitly (δ
is the squared down squark mass matrix and mq is the average squark mass. V d is the matrix which diagonalizes the down-type quark mass matrix.
The new effective ∆B = 1 Hamiltonian relevant for the B → K 0K 0 process arising from new penguin/box diagrams with gluino-squark in the loops is given as
where given as [21, 22] by using the Renormalization Group (RG) equation as discussed in Ref. [12] , as
where C is the 6×1 column vector of the Wilson coefficients and U 5 (µ, M W ) is the five-flavor 6 × 6 evolution matrix. In the next-to-leading order (NLO), U 5 (µ, M W ) is given by
where U
5 (µ, M W ) is the leading order (LO) evolution matrix and J denotes the NLO corrections to the evolution. The explicit forms of U 5 (µ, M W ) and J are given in Ref. [12] .
Since the O g contribution to the matrix element is α s order suppressed, we consider only leading order RG effects for the coefficient C N P g , which is given as [23] 
For the numerical analysis, we fix the SUSY parameter as mq = mg = 500 GeV, α s (M W 
It should be noted that because of the opposite chiral structure of the currents O i andÕ i , the LL and RR and also the LR and RL contributions occur with opposite sign. As seen from 
and assume that only one of these gives a dominant SUSY contribution. This gives (r N P ) LL ≤ 6.6 × 10 −2 and (r N P ) LR ≤ 4.66. Since the new physics effect due to LL insertion is almost negligible it will not provide any significant effect on the CP violating observables. The correlation plot between C N P KK and S N P KK for LL insertion is shown in Figure-2 , where we use r = 2.6, δ = 11
• as obtained from QCD factorization analysis, the central values of the CKM weak phases from (28), the relative weak phase θ N = π and vary the relative strong phase δ N between 0 and 2π. In this case, because of the negligible new physics contribution one gets only tiny CP violating effects. In Figure-3 , we present the correlation plot for LR insertion, where we have used (r N P ) LR = 4.66, 0 ≤ δ N ≤ 2π and a representative set of weak phases θ N = π, π/2, π/3, π/4. For r and δ, we have used the values as obtained from QCD factorization (30). As expected, in this case large CP violation can be generated.
The branching ratio (39) versus φ N is plotted in Figure- 
R-parity violating supersymmetric contribution
We now analyze the decay mode in the minimal supersymmetric model with R-parity violation (RPV). In the supersymmetric models there may be interactions which violate the baryon number B and the lepton number L generically. The simultaneous presence of both L and B number violating operators induce rapid proton decay, which may contradict strict experimental bound. In order to keep the proton lifetime within the experimental limit, one needs to impose additional symmetry beyond the SM gauge symmetry to force the unwanted baryon and lepton number violating interactions to vanish. In most cases this has been done by imposing an ad hoc symmetry called R-parity defined as, R = (−1) (3B+L+2S) , where S is the intrinsic spin of the particles. Thus R-parity can be used to distinguish the particles (R = +1) from their superpartners (R = −1). The conservation of R-parity implies that the supersymmetric particles must be produced in pairs and the lightest supersymmetric particle (LSP) must be stable. However, there is no compelling reason to require the conservation of R-parity. Less restrictive symmetries-conservation of baryon/lepton number alone can be imposed to prohibit the unwanted proton decay. Extensive studies has been done to look for the direct as well as indirect evidence of R-parity violation from different processes and to put constraints on various R-parity violating couplings [25] .
Here, we consider only the lepton number violating effects. The most general R-parity and lepton number violating super-potential is given as
where, i, j, k are generation indices, L i and Q j are SU (2) 
where we have kept only the leading order factorization contributions. We use the parame- 
In our analysis we use k = k 1 ≤ 4.0 × 10 −4 and obtain the new physics parameter
The correlation plot between C N P KK and S N P KK for the above value of r N P is shown in Figure- 
